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The title compound, C27H34O2, was hemisynthesized through 
direct benzoylation of the naturally occurring meroterpene 
totarol. The central fused six-membered ring has a half-chair 
conformation, whereas the terminal six-membered ring 
displays a chair conformation. The dihedral angle between 
the fused benzene ring and the benzoyl benzene ring is 
73.05 (14)°. The S,S chirality of the molecule is consistent with 
the synthetic pathway, and confirmed by the refinement of the 
Flack parameter. 

Related literature 

For the synthesis and biological activity of totarol [systematic 
name: (4b5',8a5)-4b,8,8-trimethyl-l-propan-2-yl-5,6,7,8a,9,10- 
hexahydrophenanthren-2-ol], see: Short & Stromberg (1937); 
Barrero et al. (2003); Haraguchi et al. (1996); Bernabeu et al. 
(2002); Marcos et al. (2003); Tacon et al. (2012). For confor- 
mational analysis and absolute configuration determination, 
see: Cremer & Pople (1975); Flack (1983); Flack & Bernar- 
dineUi (2000); Parsons et al. (2013); Spek (2009). For related 
structures, see: Zeroual et al. (2008); Oubabi et al. (2014); 
Pettit et al. (2004). 




Experimental 

Crystal data 

C27H34O2 
M, = 390.54 
Monoclinic, P2^ 
a = 7.7369 (3) A 
b = 7.2079 (4) A 
c = 20.2499 (9) A 
P = 99.816 (4)° 

Data collection 

Agilent Xcalibur (Eos, Gemini 
ultra) diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
r„,i„ = 0.689, r„„,^ = 1.0 

Refinement 

R[F^ > 2a(F^)] = 0.038 

wR(F^) = 0.095 

S = 1.04 

3116 reflections 

267 parameters 

1 restraint 

H-atom parameters constrained 
APmax = 0.13 e A"" 



V= 1112.74 (9) A-' 
Z = 2 

Cu Ka radiation 
jtt = 0.55 mm^' 
T = 180 K 

0.50 X 0.25 X 0.07 mm 



9197 measured reflections 
3116 independent reflections 
2926 reflections with / > 2a(I) 
Ri„i = 0.033 
Smi,x = 60.8° 



Apmin = -0.21 e A"" 

Absolute structure: Flack x deter- 
mined using 1138 quotients 
[(r)-(r)]/[(r)+(/-)] (Parsons 
et al., 2013) 

Absolute structure parameter: 
-0.11 (17) 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SIR97 (Altomare et al., 1999): program(s) used to 
refine structure: SHELXL2013 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: SHELXL2013. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: BH2501). 
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51 . Results and discussion 

Totarol is a naturally produced terpenoid isolated from several plants such as Podocarpus totara (Short & Stromberg, 
1937) and Tetraclinis articulata (Barrero et ai, 2003). It has been attracting great interest because of its biological 
properties ranging from antimicrobial (Haraguchi et al, 1996), anti-oxidant (Bemabeu et ai, 2002), anti-inflammatory, 
analgesic, anti-tumoral (Marcos et al., 2003) to anti-plasmodial (Tacon et al., 2012). 

In our ongoing studies on the synthesis of totarol derivatives of potential interest, we carried out the reaction of totarol 
with benzoyl chloride in pyridine, which provides the expected benzoylated product, (4b5',8a5)-l-isopropyl-4b,8,8-tri- 
methyl-4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-yl benzoate, as colorless crystals in 92% yield. Its structure was 
characterized by mass and NMR spectroscopy, and was fully confirmed by an X-ray single crystal structure analysis. 

This compound is built up from three fused six-membered rings, an unsaturated benzene ring (1) and two saturated rings 
(11) and (111) (Fig. 1). The central saturated ring (11) has a half chair conformation with puckering parameters Q = 0.527 
(3) A, 0^ 48.6 (3)° and (p= 128.9 (4)° (Cremer & Pople, 1975), whereas the second saturated six-membered ring, (III), 
displays a chair conformation with puckering parameters Q = 0.546 (3) A, 0= 175.8 (3)° and ip^ 301 (4)°. Similar 
conformation for the three ftised rings has been reported previously with hydroxyl substituent or methyl acetate in place 
of the benzoate of the title compound (Zeroual et al., 2008; Oubabi et al., 2014), and with either an hydroxyl or a meth- 
oxy substituent on the central ring (Pettit et al, 2004). 

The 4b5',8a>S' absolute configuration is deduced from the synthetic pathway. Although the Flack (Flack, 1983; Flack & 
Bemardinelli, 2000; Parsons et al, 2013) and Hooft parameters (Spek, 2009) display large standard deviations, their 
values, -0.11 (17) and 0.09 (15), confirmed the expected absolute configuration. 

52. Experimental 

S2.1. Synthesis and crystallization 

A solution of totarol (110 mg, 0.384 mmol) in benzoyl chloride (3 mL) and pyridine (20 mL) was refluxed for 24 hours. 
After coolmg, the mixture was acidified with HCl (IN solution), and then extracted with ether (3x20 mL). The organic 
layer was washed with water, dried on anhydrous Na2S04 and then evaporated under reduced pressure. The obtained 
residue was chromatographed on a silica gel column using hexane and ethyl acetate (97/3) as eluent, to give the title 
compound in 92 % yield. X-ray quality crystals were obtained by slow evaporation from a petroleum ether solution of the 
title compound. 
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S2.2. Refinement 

Crystal data, data collection and structure refinement details are summarized in Table 1 . 
S3. Refinement 

All H atoms were fixed geometrically and treated as riding with C — H = 0.99 A (methylene), 0.98 A (methyl), 1.0 A 
(methine) and 0.95 A (aromatic), and with (/iso(H) = l.lUcqiCH, CH2, aromatic) or Ui^oiH) ^ 1.5(/eq(CH3). Owing to 
physical limitations on the diflractometer, the maximum value of 0 used was 60.8° for a complete data set, resulting in 
the value of sm(9mi^)/l less than 0.6 and, consequently, a low fraction of unique reflections (0.834) measured at the best 
achieved resolution (9=67.7°). 



Figure 1 

Molecular view of the title compound with ellipsoids for non-H atoms drawn at the 50% probability level. H atoms are 
represented as small circle of arbitrary radii. 

(4bS,8aS)-1 -lsopropyl-4b,8,8-trimethyl-4b,5,6,7,8,8a,9,1 0-octahydrophenanthren-2-yl benzoate 

Crystal data 




\ C22 



-0 



C27H34O2 
M, = 390.54 
Monoclinic, P2i 
fl = 7.7369 (3) A 
b = 7.2079 (4) A 
c = 20.2499 (9) A 
^ = 99.816(4)° 
V= 1112.74 (9)A3 
Z=2 



F(000) = 424 

= 1.166 Mgm-3 
Cu Ka radiation, 1 = 1.54184 A 
Cell parameters from 4294 reflections 



0 = 4.4-60.4° 
ju = 0.55 mm" 



T= 180 K 

Flattened, colourless 
0.50 X 0.25 X 0.07 imn 



Data collection 



Agilent Xcalibur (Eos, Gemini ultra) 



Detector resolution: 16.1978 pixels mm' 
0} scans 

Absorption correction: multi-scan 



1-1 



diffractometer 
Radiation source: Enhance Ultra (Cu) X-ray 



Source 
Mirror monochromator 



(CrysAlis PRO; Agilent, 2012) 
r™„ = 0.689, 1.0 
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9197 measured reflections 
3116 independent reflections 
2926 reflections with /> 2a(I) 
Rint = 0.033 

Refinement 

Refinement on 
Least-squares matrix: full 

R[F^ > 2a{F^)] = 0.038 

wR{F^) = 0.095 

S= 1.04 

3116 reflections 

267 parameters 

1 restraint 

0 constraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



f?„,„ = 60.8°,^™, = 4.4° 
h = -8^8 

/ = -22^22 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[f7^(i^„2) + (0.0501P)2 + 0.1662P] 

where P = (Fo2 + 2Fe2)/3 

(A/ff)„ax < 0.001 

A/Jmax = 0.13 e A 3 
Ap^ = -0.21 e A-3 

Absolute structure: Flack x determined using 
1138 quotients (Parsons et 

al., 2013) 

Absolute structure parameter: -0.11 (17) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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0.034/ (lo) 


0.04/y (ID) 


A AA1 1 /I 

—0.0011 (Iz) 


A AA1 O /I 1 \ 

O.ooio (11) 


A AACT /I 0\ 

—0.0033 (Iz) 


z"' 1 1 


A A/:n 


A ACT /0\ 

0.053 (z) 


O.Ooi (z) 


A A 1 O 1 /I 0\ 

O.Oloi (lo) 


A AO /IT / 1 

— 0.0zo3 (16) 


A AO 1 T /I 0\ 

— 0.0zl3 (lo) 


Clz 


A 1 

U.lzz y\) 


A AOl 

u.uy 1 (3 ) 


A ACT /'0\ 
0.1)3 / (z) 


A A^T 

— U.Uo3 (3 ) 


A AO 1 

— U.UZl (z) 


A AAA /'OA 
U.UUU (Z) 


1 o 
Cli 


U.Udo (zj 


A 1 OA / A\ 

o.izy (4) 


A A/CA 

0.060 (z) 


A AAA 

— o.ooy (z) 


0.011 / (16) 


A A/1 /C /T \ 

—0.046 (3) 




A A'3CA /I /l\ 

U.UJDy (14) 


A A'TA /"OA 

0.0/0 (z) 


A A/I /II /"I C\ 

0.0441 (ID) 


A AA/I C /I /C\ 

0.004D (16) 


A A1 O 1 /I 0\ 

O.Olzl (Iz) 


A AAO/C /"I /C\ 

0.0086 (16) 


Co 


A AC Ayl it T\ 
U. 1)31)4 (1 /) 


A Ayl /OA 
0.046 (I) 


A A/^ 1 A / 1 A\ 

o.ooio (ly) 


A AAAO /■ 1 C\ 
O.OOOZ (13) 


A AA/1 T / 1 /I \ 

—0.0043 (14) 


A A 1 T /I /^l iC\ 

0.0134 (16) 


Clo 




A A^/; ^T \ 
0.0 /O (3 ) 


0.0/1 (z) 


A A1 /I OA 

0.01 /I (lo) 


A AA/1^ /"l C\ 

0.0040 (13) 


A Al 0 /OA 

— O.Olo (z) 


Cl / 


U.UJzi (ij) 


0.04/ / (ly) 


A A/1 /I 1 /I /C\ 

0.0441 (16) 


A A A 1 A / 1 T \ 
O.OOiy (13) 


A AA/C1 /I 1 \ 

0.0061 (11) 


A AA0 1 ^^ A\ 
O.OOol (14) 


Cio 


U.(Ji4D (13) 


A AT C 1 M £\ 

0.03M (lo) 


AATA1 /'1/1\ 

0.03yi (14) 


A AAAO / 1 0\ 

— O.OOOz (Iz) 


A A AT T / 1 1 \ 

0.0033 (11) 


A AAO A / 1 0\ 

— O.OOzO (Iz) 


C19 


0.0370 (14) 


0.0466(18) 


0.0426(15) 


0.0003 (14) 


0.0040 (12) 


-0.0001 (14) 


C20 


0.0525 (18) 


0.065 (2) 


0.0442 (15) 


0.0038 (17) 


0.0011 (14) 


0.0082 (16) 


C21 


0.0441 (16) 


0.052 (2) 


0.0562 (18) 


0.0095 (16) 


-0.0109 (14) 


-0.0003 (16) 


C22 


0.0340(15) 


0.058 (2) 


0.0602 (19) 


0.0077 (15) 


0.0039 (13) 


-0.0046 (17) 


C23 


0.0344 (14) 


0.055 (2) 


0.0471 (15) 


0.0033 (14) 


0.0057 (12) 


0.0011 (15) 



Geometric parameters (A. "} 



01— C17 


1.374 (3) 


CIO— ClOA 


1.520(4) 


Ol— C2 


1.422 (3) 


CIO— HI OA 


0.9900 


02— C17 


1.192 (3) 


CIO— HlOB 


0.9900 


Cl— C2 


1.381 (4) 


Cll— C12 


1.524 (6) 


Cl— ClOA 


1.417(4) 


Cll— C13 


1.524 (6) 


Cl— Cll 


1.528 (4) 


Cll— Hll 


1.0000 


C2— C3 


1.377 (4) 


C12— H12A 


0.9800 


C3— C4 


1.378(4) 


C12— H12B 


0.9800 


C3— H3 


0.9500 


C12— H12C 


0.9800 


C4— C4A 


1.390(4) 


C13— H13A 


0.9800 


C4— H4 


0.9500 


C13— H13B 


0.9800 


C4A— ClOA 


1.402 (4) 


C13— H13C 


0.9800 


C4A— C4B 


1.542 (3) 


C14— H14A 


0.9800 


C4B— C5 


1.540 (4) 


C14— H14B 


0.9800 


C4B— C14 


1.547 (4) 


C14— H14C 


0.9800 


C4B— C8A 


1.550 (4) 


C15— H15A 


0.9800 


C5— C6 


1.523 (4) 


C15— H15B 


0.9800 


C5— H5A 


0.9900 


C15— H15C 


0.9800 


C5— H5B 


0.9900 


C16— H16A 


0.9800 


C6— C7 


1.518 (4) 


C16— H16B 


0.9800 


C6— H6A 


0.9900 


C16— H16C 


0.9800 


C6— H6B 


0.9900 


C17— C18 


1.474(4) 


C7— C8 


1.528 (4) 


C18— C19 


1.387 (4) 


C7— H7A 


0.9900 


C18— C23 


1.392 (4) 


C7— H7B 


0.9900 


C19— C20 


1.380 (4) 



Acta Cryst. (2014). E70, o866-o867 



sup-5 



supporting information 



C8— C15 
C8— C16 
C8— C8A 
C8A— C9 
C8A— H8A 
C9— CIO 
C9— H9A 
C9— H9B 



1.528 (4) 
1.531 (4) 
1.557 (4) 
1.518 (4) 
1.0000 
1.518(4) 
0.9900 
0.9900 



C19— H19 
C20— C21 
C20— H20 
C21— C22 
C21— H21 
C22— C23 
C22— H22 
C23— H23 



0.9500 
1.390 (5) 
0.9500 
1.369 (5) 
0.9500 
1.378 (4) 
0.9500 
0.9500 



C17— Ol— C2 
C2— CI— CI OA 
C2— CI— Cll 
ClOA— CI— Cll 
C3— C2— CI 
C3— C2— Ol 
CI— C2— Ol 
C2— C3— C4 
C2— C3— H3 
C4— C3— H3 
C3— C4— C4A 
C3— C4— H4 
C4A— C4— H4 
C4— C4A— ClOA 
C4— C4A— C4B 
ClOA— C4A— C4B 
C5— C4B— C4A 
C5— C4B— C14 
C4A— C4B— C14 
C5— C4B— C8A 
C4A— C4B— C8A 
C14— C4B— C8A 
C6— C5— C4B 
C6— C5— H5A 
C4B— C5— H5A 
C6— C5— H5B 
C4B— C5— H5B 
H5A— C5— H5B 
C7— C6— C5 
C7— C6— H6A 
C5— C6— H6A 
C7— C6— H6B 
C5— C6— H6B 
H6A— C6— H6B 
C6— C7— C8 
C6— C7— H7A 
C8— C7— H7A 
C6— C7— H7B 
C8— C7— H7B 



116.01 (19) 
117.7(2) 

121.2 (3) 
121.2 (3) 
122.8 (2) 
117.6(2) 
119.6(2) 
118.7(3) 
120.7 
120.7 
121.8(2) 
119.1 
119.1 

118.5 (2) 
118.9(2) 

122.6 (2) 
110.8 (2) 
108.4 (2) 
105.85 (19) 
108.6 (2) 

108.4 (2) 
114.9(2) 
113.1 (2) 
109.0 
109.0 
109.0 
109.0 
107.8 
111.0(2) 
109.4 
109.4 
109.4 
109.4 
108.0 

113.5 (2) 
108.9 
108.9 
108.9 
108.9 



ClOA— CIO— HlOB 
HlOA— CIO— HlOB 
C4A— ClOA— CI 
C4A— ClOA— CIO 
CI— ClOA— CIO 
C12— Cll— C13 
C12— Cll— CI 
C13— Cll— CI 
C12— Cll— Hll 
C13— Cll— Hll 
CI— Cll— Hll 
Cll— C12— H12A 
Cll— C12— H12B 
H12A— C12— H12B 
Cll— C12— H12C 
H12A— C12— H12C 
H12B— C12— H12C 
Cll— C13— H13A 
Cll— C13— H13B 
H13A— C13— H13B 
Cll— C13— H13C 
H13A— C13— H13C 
H13B— C13— H13C 
C4B— C14— H14A 
C4B— C14— H14B 
H14A— C14— H14B 
C4B— C14— H14C 
H14A— C14— H14C 
H14B— C14— H14C 
C8— C15— H15A 
C8— C15— H15B 
H15A— C15— H15B 
C8— C15— H15C 
H15A— C15— H15C 
H15B— C15— H15C 
C8— C16— H16A 
C8— C16— H16B 
H16A— C16— H16B 
C8— C16— H16C 



108.5 
107.5 
120.6 (3) 

120.4 (2) 
119.0(2) 

110.5 (3) 
114.6(3) 
112.1 (3) 
106.3 
106.3 
106.3 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
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H7A — C7 — H7B 


107.7 


C15 — C8 — C7 


110.4 (2) 


C15 — C8 — C16 


107.4 (3) 


/~n /~io ^ 

C7 — C8 — Clo 


1 AT C /'*>\ 

107.5 (2) 


C15 — C8 — C8A 


114.1 (2) 


C7 — C8 — C8A 


108.4 (2) 


C16 — C8 — C8A 


108.7 (2) 


C9 — C8A — C4B 


109.0 (2) 


C9 — C8A — L8 


114.9 (2) 


C4B — C8A — C8 


116.9 (2) 


/— /~1fJ A TTO A 

C9 — C8A — H8A 


104.9 


C4B — C8A — H8A 


104.9 


/^O A TTO A 

C8 — C8A — H8A 


104.9 


CIO — C9 — C8A 


111.3 (3) 


1 /'A T T/^ A 

CIO — C9 — H9A 


109.4 


y~i o A /^r\ T T/A A 

C8A — C9 — H9A 


109.4 


CIO — C9 — H9B 


109.4 


C8A— C9— H9B 


109.4 


H9A— C9— H9B 


108.0 


C9— CIO— ClOA 


115.0(2) 


C9— CIO— HlOA 


108.5 


ClOA— CIO— HlOA 


108.5 


C9— CIO— HlOB 


108.5 



T T 1 Z' A /"t 1 T T 1 

H16A — C16 — H16C 


109.5 


T T 1 ZTT^ /~" 1 T T 1 /'/"^ 

H16B — Clo — ^HloC 


109.5 


02 — C17 — Ol 


122.5 (2) 


02 — C17 — C18 


125.0 (2) 


Ol — C17 — C18 


112.4 (2) 


C19 — CI 8 — C23 


119.5 (3) 


C19 — C18 — C17 


123.3 (2) 


y^^ ^ 1 O y^ 1 T 

C23 — CI 8 — C17 


117.2 (2) 


C20 — C 1 9 — C 1 8 


120.3 (3) 


'~\ f\ f ^ 1 A T T 1 A 

C20 — C19 — HI 9 


119.9 


/~1 1 O /~i 1 A TT 1 A 

C18 — C19 — H19 


119.9 


C19 — C20 — C21 


119.5 (3) 




120. z 


C2l — C20 — H20 


120.2 


C22 — C21 — C20 


120.4 (3) 


/^'^ 1 TT11 

C22 — C2 1 — H2 1 


119.8 


C20 — C21 — H21 


119.8 


C21— C22— C23 


120.3 (3) 


C21— C22— H22 


119.8 


C23— C22— H22 


119.8 


C22— C23— C18 


120.0 (3) 


C22— C23— H23 


120.0 


C18— C23— H23 


120.0 



Acta Cryst. (2014). E70, o866-o867 



sup-7 



